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EXECUTIVE SUMMARY 

The objectives of this project were to evaluate common Air Force spin recovery 
techniques for two new U.S. Air Force Academy (USAFA) gUders, as well as investigate 
their crosswind operating limits. The two gliders, built by Schempp-Hirth Flugzeugbau in 
Kirchheim, Germany, were purchased for the USAFA National Competition Soaring Team 
to provide cadets the opportunity to compete in nationally and internationally recognized 
sports and open class competitions. These gliders were the two-seat TG-15A (Duo Discus), 
and the single seat TG-15B (Discus 2b). The ZEUS test team from USAF Test Pilot School 
Class 03B performed the testing at Edwards AFB, supported by TPS staff tow pilots and 
glider instructor pilots. A total of 95 glider sorties and over 150 test points were flown from 
8 April to 27 April, 2004. 

Overall, the spin recovery characteristics were considered satisfactory for both 
gliders. The gliders were tested over a wide range of center of gravity (e.g.) positions using 
crew pairings and ballast. The TG-15A was extremely resistant to spin and would not sustain 
a spin with pro-spin controls in mid or forward e.g. band. Although it would occasionally 
spiral out of the spin in the forward e.g. band, the TG-15B would generally sustain a three 
turn, developed spin in all e.g. bands. The USAFA spin recovery procedures were 
technically identical to the manufacturer procedures and stopped spin yaw motion in less 
than V2 turn for all e.g. positions tested of both gliders. 

Both TG-15 gliders demonstrated landing capability in up to 16 knots of crosswind. 
The TG-15A average lateral aileron deflection exceeded 75 percent of its travel during 
crosswinds above 16 knots. The TG-15B had more aileron control power than the TG-15 A. 

Overall, both gliders were extremely resistant to spin with-water-ballast. Two e.g. 
locations were compared without-water-ballast, and with-water-ballast. There was no 
increase in residual motion. Both gliders did not spin after three seconds of pro-spin input, 
and were considered to be extremely spin resistant. 
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INTRODUCTION 

BACKGROUND 

Testing for the USAFA Glider Replacement Program was conducted Jul - Nov 2000 as a 
Qualification Operational Test and Evaluation (QOT&E) program by the Air Force 
Operational Test and Evaluation Center (AFOTEC) with a supporting assessment on 
handling qualities from USAF TPS (References 1 and 2). The program involved multiple 
gliders intended for fielding to upgrade the USAFA glider fleet. AFOTEC recommended 
additional testing by AFFTC to evaluate the USAFA spin recovery procedures for aircraft 
being purchased and evaluate crosswind landing capabilities to help optimize operations at 
USAFA. Relevant recommendations are excerpted from the QOT&E report as follows: 

(2) The replacement aircraft flight manuals have different spin recovery 
procedures for each aircraft as listed in Table 1. The USAFA has adopted one 
single spin BOLDFACE recovery procedure for all current glider and 
motorglider aircraft. Recommend an additional spin investigation by USAF 
TPS to determine if the existing USAFA BOLDFACE procedure can be used 
in lieu of the commercial flight manual procedures to establish a common 
recovery procedure. 

(3) Consider a separate test program to determine if all the replacement aircraft can 
be flown in greater crosswind conditions than currently published 
(demonstrated capability) in the commercial flight manuals to reduce lost 
training days and increase throughput. 

(4) Consider requesting USAF TPS evaluate aircraft delivered in final production 
configuration to confirm no impact to operations. 

Recommendation (2) drives the spin investigation. The spin recovery procedures are listed in 
Table 1. It was apparent that the USAFA and Schempp-Hirth recovery procedures were very 
similar. After consultation with Schempp-Hirth, no differences were noted in the recovery 
procedures, and the test team would focus on evaluation of the USAFA common boldface. 
For Project ZEUS, only erect spins with a clean configurafion (no gear or spoilers) were 
accomplished. 

Table 1. Erect Spin Recovery Procedures 

Source Flight Manual Spin Recovery Procedures 
USAFA Boldface 1. AILERONS-Neutral 

2. RUDDER - Full opposite direction of spin and hold 
3. STICK - Steadily forward until spinning stops 
4. CONTROLS - Neutral and recover from dive 

Schempp-Hirth 
Procedures 

1. Hold ailerons neutral 
2. Apply opposite rudder (i.e. against the direction of 
rotation of the spin) 
3. Ease control stick forward until rotation ceases and the 
airflow is restored 
4. Centralize rudder and pull gently out of dive 



Recommendation (3) drives the crosswind investigation. The FAA requires sailplane 
manufacturers to demonstrate crosswind capability at 20 percent of stall speed. The max 
demonstrated crosswind was 11 knots, with no established crosswind limit. Crosswinds at 
USAFA typically run as high as 20 knots, which would result in a loss of up to 40 percent of 
the potential training days. USAFA desired a demonstrated crosswind capability of 20 knots. 

Recommendation (11) also necessitates the spin and crosswind testing due to the addition of 
winglets to the final design of the TG-15B, after completion of the AFOTEC report. 

The TG-15A and TG-15B gliders supported the National Competition programs used by a 
select number of Cadet Instructor Pilots (IPs) that had demonstrated advanced airmanship 
and flying skills in the USAFA Soaring Program. 

PROGRAM CHRONOLOGY 

The ZEUS test team received a Program Introduction Document (PID) from the 94"" Flight 
Training Squadron (FTS) in Dec 03. The PID (Reference 3) requested that TPS conduct spin 
recovery and crosswind testing as described previously in the Background. ZEUS began 
provisioning and test planning in January 2004. All assets were in place by February. A 
takeoff and landing triangle marked on the Roger's dry lakebed at Edwards AFB was created 
by ZOOMIE SPIN two years ago and was still serviceable for flexible crosswind operations. 

The gliders were shipped from the Air Force Academy to Edwards AFB. The TG-15A 
arrived on 2 February 2004 and TG-15B arrived on 6 February. Both ghders were weighed 
and balanced on 8 April. The TG-15A never received instrumentation and flew all sorties 
unmodified. The TG-15B instrumentation was completed on 20 April and the final flight 
release was issued. For testing, the weight and balance changes from instrument installation 
was determined by analysis. The ZEUS test team accomplished spin recovery and crosswind 
testing from 8 to 27 April. 

TEST ITEM DESCRIPTION 

TG-15A (Duo Discus): The glider was designed and manufactured by Schempp-Hirth 
Flugzeugbau in Kirchheim, Germany for the purpose of advanced training. The dual seat, all 
fiberglass, Duo Discus featured integral water ballast wing tanks, a water ballast trim fin tank 
and a T-tail. This 45:1 glide ratio high performance sailplane was purchased for the USAFA 
National Competition Soaring Team to provide cadets the opportunity to compete in 
nationally and internationally recognized sports and open class competitions. Able to carry 
53 U.S. gallons (440 lbs) of water ballast in the wings, the glider was used to compete and 
provide training for cross-country events. No instrumentation modifications were made due 
to delays. The test item (serial number 384) was production representative and was assigned 
registration number N161AF. 



TG-15B (Discus 2b): The glider was designed and manufactured by Schempp-Hirth 
Flugzeugbau in Kirchheim, Germany for the purpose of national and international 
competitions. The single seat, all fiberglass glider has been very successful in the Standard 
Class for ten years (six international championships). With a 45:1 glide ratio, the TG-15B 
enabled USAFA to compete on an equal level with other soaring clubs and collegiate teams 
in sports and open class competitions. Easy assembly and disassembly made the TG-15B 
well suited for USAFA deployments. The TG-15B also had water ballast tanks and a T-tail 
configuration like the TG-15A. Unlike the TG-15A, the TG-15B (2b) had small winglets to 
improve performance. The test item (serial number 187) was production representative and 
carried registration number N165AF. 

A Teletronics Technology Corporation MCDAU-2000 digital multi-plexed Data Acquisition 
System (DAS) was installed just behind the seat of the Discus 2b, TG-15B. Reference 4 
describes the operation of the DAS system. The system was powered by a 14 cell Lead-Acid 
28 VDC power supply under the seat. The DAS had eight-channel capability with five 
channels being used for the project. Aileron and rudder control movements were measured 
and a video feed from a camera looking over the left shoulder was recorded by the DAS on a 
digital PCMIA format. Microphone recording capability was also used with the DAS to 
further enhance the cockpit data capture. The DAS could capture one hour of data before 
card replacement. A cockpit control panel allowed for power application to the system along 
with record and record pause capability. GPS integration provided altitude information along 
with a time stamp for accurate data capture. Overall main component weight was 35 lbs. The 
modification was in place during the weight and balance for the TG-15B. The glider was 
considered production representative as tested. 

See Appendix A for pictures of the test gliders. Further details on the gliders and their 
operation are available in the commercial flight manuals, listed as References 5 and 6. 

TEST OBJECTIVES 

The objectives from the ZEUS Test Plan (Reference 7) were as follows: 

1. Evaluate USAFA Critical Action Procedures (Boldface) for erect spin recovery, 
initiated after a three turn spin sequence, for the TG-15A/B gliders. 

2. Evaluate the landing characteristics of the TG-15A/B, with up to 20 knots of 
crosswind component. 

3. Determine departure resistance of the TG-15A/B gliders with fiall, symmetric water 
ballast loads. 

All test objectives were met with both gliders except for evaluating the TG-15B in crosswind 
landings above 16 knots. 



LIMITATIONS 

Crosswind testing was limited by the allowable test period and wind conditions. The 
allowable test period was 8 to 27 April. Winds greater than 11 knots were required to expand 
the crosswind limits, yet winds greater than 30 knots were cause to terminate testing and 
recover the gliders to the hangers. Actual testing conditions did not allow the test team to 
complete crosswind testing above 16 knots in the TG-15B. 



TEST AND EVALUATION 

General. Before flying the test gliders, a standardized spin entry technique, USAFA spin 
recovery boldface procedures, and crosswind landings were practiced while flying similar 
category gliders. A Functional Check Flight (FCF) and crew orientation flights were flown 
prior to any testing. Spin and crosswind testing consisted of 80 sorties and over 150 data 
points. The testing was conducted at the Edwards AFB lakebed, from surface to 10,000 ft 
MSL. 

Weight and Balance. Weight and balance was accomphshed by qualified personnel in order 
to verify manufacturer data prior to flying. The flight manuals provided generic weight and 
balance information, as well as moment arms for the seats and water ballast. The gliders 
were also weighed with full water ballast to verify manufacturer moments. This data is 
included in Appendix B. The glider-specific manufacturer moment arms were used to 
calculate the e.g. data during tesfing. 

Test Aircrew. Glider experience ranged from certified commercial instructor glider pilots to 
flight test engineers and pilots with limited glider experience. Table 2 provides a summary 
of the flying and glider experience of the test personnel. 

Table 2. Test Personnel Flying and Glider Experience 

Name (Weight-lbs) Rating Jet/Prop 
Time 

IP/EP 
Time 

Glider 
Time 

CFIG 
Time 

Total 
Time 

Total 
IP/EP 

INSTRUCTOKS-' ^ "   >'>-' -"',; ; ''■^4'^:;-^ ; "=^^.r-l ^^fe = :^r/.r- f 
Pilot 1 (145) IP, CFIG 3600 1250 620 470 4220 1720 
STWBENTS 'i '. j   " ■.?":;- -' =^-".:c>k-^i 
Crew 1(775) FTE, PPL 100 0 3 0 103 0 
Crew 2 (169) B-1 IWSO 1300 475 3 0 1300 475 
Vilot 2 (175) F-15E1P,CPL 1200 50 10 0 1210 50 
Pilot 3 (185) F-16   IP,   CFI, 

CFII, MEI, CO 
3100 1050 40 0 3140 1050 

Pilot 4 (155) F-16 IP, CPL 2800 450 3 0 2803 450 



SPIN RECOVERY 

Methodology. The USAFA spin recovery procedures were technically identical to the 
manufacturer procedures. These procedures were evaluated throughout the spin testing. 
Spins were accomplished in each glider at forward, mid, and aft e.g. locations. Forward and 
aft e.g. conditions were defined by the test team to be locations within 33 percent of the 
forward and aft e.g. limits, in terms of the distance measured from the leading edge datum. 

Spins were accomplished at all altitudes between 10,000 and 5,800 ft MSL. Spins were 
executed from a wings level, Ig condition with a 1 knot/sec bleed rate. Upon losing elevator 
authority or reaching the aft stop with the stick, full rudder was applied to enter the spin in 
the desired direction. The following altitudes were noted during the spin: entry altitude, 
altitude the recovery controls were applied, lowest altitude during the dive recovery, and 
final altitude after dive recovery zoom-up. The number of turns from the application of 
recovery controls until control was regained (yaw motion stopped) was also recorded. 
Backseat crewmembers in the TG-15A and a hand held voice recorder aided in the collecfion 
of data. 

Two objective comparison criteria were used to evaluate the spin recovery: (1) Altitude lost 
(to the nearest 50 ft) from the input of recovery controls to lowest altitude during the 
recovery, and (2) Number of turns (to the nearest 1/8 turn) from the input of recovery 
controls to the final heading after control was regained (spinning stopped). A minimum of 
two pilots flew in each e.g. band for comparative analysis. 

Results. Nineteen spin sorties were flown and 93 spins accomplished across a wide range of 
e.g. locations (using crew pairings and nose ballast) as depicted in Figures 1 and 7 below. 
Refer to Appendix C for a detailed listing of all spin sorties and crew pairings. Overall, the 
spin recovery characteristics were considered satisfactory for both gliders. Both gliders were 
extremely spin resistant and easily recovered once in a spin using the USAFA boldface 
recovery procedures. 



TG-15A (Duo Discus): The TG-15A was extremely resistant to spin and would not sustain 
a spin with pro-spin controls in the forward and mid e.g. bands. A spin could be sustained in 
the aft e.g. band which will be explained later. Figure 1 illustrates the defined e.g. and 
weight limits of the operational flight envelope, as well as the actual TG-15A c.g./weight 
combinations flown for both the spin and water ballast sorties. 

Duo Discus (TG-15A) CG Spin Data 

JZ 

'5 
g 
Hi 
CO 
o 
O 

5 S 7 

CG (Indies) Aft Of Datum 

Figure 1. Tested e.g. Locations for TG-15A Spins 

In the forward and mid e.g. bands, the aircraft would spiral out of the spin in less than two 
turns with full pro-spin controls. The resulting spiral caused the aircraft to rapidly gain 
airspeed during the recovery and quickly exceed the maneuvering speed (VA) of 97 knots. 
Once above VA, the aircraft g limits were reduced from +5.3g to +4.0g, further limiting a 
pilot's ability to recover from the dive without overstressing the aircraft. This limit in 
available g and increasing speed exaggerated altitude loss during spiral recoveries. 



Figure 2 shows the number of turns required to transition to a spiral self-recovery during the 
forward and mid e.g. band spin attempts. Turns were measured, to the nearest 1/8 turn, from 
the input of pro-spin controls to the point where yaw rate stopped. In all cases, the aircraft 
transitioned from the spin to a spiral prior to reaching the required three turns for application 
of USAFA boldface recovery inputs. In addition, the two test points flown by the 
manufacturer (Schempp-Hirth, Reference 8) in the extended forward e.g. region are shown 
for comparison. 
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Figure 2. Turns to Recover During TG-15A Spiral Recoveries (MID/FWD e.g.) 



Figure 3 shows the altitude lost during spiral self-recovery during the forward and mid e.g. 
band spin attempts. Altitude loss was measured, to the nearest 50 ft, from the input of pro- 
spin controls to the lowest altitude during recovery dive (altimeter reversal). Altitude lost 
during the full spiral including the recovery ranged from 150 ft for the forward e.g. band to 
800 ft for the worst case mid e.g. band. Dive recovery speeds averaged 95 KIAS. The worst 
case was the mid e.g. spiral, which reached 80 degrees nose low and 105 KIAS. An average 
of 200 ft was regained during the recovery. 

TG-15A ALTITUDE LOST (Spiral&Recovery) 
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Figure 3. Altitude Lost During TG-15A Spiral Recoveries (MID/FWD e.g.) 



The spiral recovery concerned the test team, and an attempt was made to utilize the USAFA 
boldface as a spin prevent maneuver to improve recovery characteristics. The USAFA 
boldface was then applied 1/2 turn prior to transition from the incipient spin into the spiral to 
evaluate effectiveness of the boldface during the initial phases of spin. In all cases, the 
application of the USAFA boldface rapidly arrested yaw rate and minimized altitude lost by 
an average of 100 ft. The resulting airspeed decreased by more than 20 knots with an average 
of 84 KIAS in the mid e.g. band. Additionally, the recovery g was also reduced from 4.0g to 
3.5g compared to the self-recover spiral exit of the spin. Figure 4 shows a vertical profile of 
the spin recovery and how applying the USAFA boldface, even prior to establishing a 
developed spin, greatly improved recovery characteristics. 

Figure 4. USAFA-Spiral Vertical Profile Comparison 

In the aft e.g. band the aircraft would sustain a three turn spin with pro-spin controls, but was 
still in the incipient phase (inconsistent/decreasing yaw rate and oscillatory nose motion) 
when recovery controls were applied. Even so, the aircraft recovered rapidly upon 
application of the USAFA boldface recovery. 

10 



Figure 5 shows the number of turns during spin recovery for the USAFA recovery 
procedures during aft e.g. spin attempts. Turns were measured, to the nearest 1/8 turn, from 
the input of recovery controls to the point where spinning (yaw motion) stopped. Motion 
ceased within 3/4 turn for all aft e.g. positions tested. In addition, the two test points flown 
by the manufacturer (Schempp-Hirth, Reference 8) in the extended aft e.g. region are shown 
for comparison. The Schempp-Hirth recovery turns average of 1/2 turn was slightly higher 
than the test team average of 3/8 turn, primarily due to the manufacturer's extended aft e.g. 
position. 

TG-15A Turns To Recover Following Spin 
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Figure 5. Turns to Recover During TG-15A Spin Recoveries (AFT e.g.) 
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Figure 6 shows the altitude lost during spin recovery for the USAFA recovery procedures 
during aft e.g. spin attempts. Altitude loss was measured, to the nearest 50 ft, from the input 
of recovery controls to the lowest altitude during dive (altimeter reversal). Two test points 
flown by the manufacturer (Schempp-Hirth, Reference 8) in the extended aft e.g. region are 
shown for comparison. The Schempp-Hirth recovery altitude average (300 ft) was slightly 
higher than the test team average of 250 ft, primarily due to the manufacturer's extended aft 
e.g. position. 
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Figure 6. Altitude Lost During TG-15A Spin Recoveries (AFT e.g.) 

For all three e.g. bands tested for the TG-15A, the USAFA boldface recovery procedures 
rapidly arrested yaw motion, minimized altitude lost, reduced recovery speed and g, and 
recovered the aircraft. 
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TG-15B (Discus 2b): The TG-15B was also extremely resistant to spin but unlike the 
TG-15A, could sustain a three turn spin with pro-spin controls in all three e.g. bands. Figure 
7 illustrates the defined e.g. and weight limits of the flight envelope, as well as the actual 
TG-15B c.g./weight combinations flown for both the spin sorties and water ballast sorties. 

Although it would spiral out of the spin 23 percent of the time (5 out of 22 spins) in the 
forward e.g. band, the TG-15B would generally sustain a three turn, developed spin with pro- 
spin controls in all e.g. bands. The TG-15B sustained an erect, 60-70 degrees nose low, 90- 
120 degrees /sec spin rate, non-oscillatory spin. The aircraft also displayed repeatable and 
consistent recovery characteristics during recoveries. All spins from all three e.g. bands were 
recovered in less than 1/2 turn at speeds ranging from 65 - 90 KIAS, and in no more than 450 
ft using the USAFA boldface recovery. 

Discus 2b (TG-15B} CG Spin Data 
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Figure 7. Tested e.g. Locations for TG-15B Spins 

The TG-15B spiral dive recovery, similar to the TG-15A, resulted in a significant nose low 
attitude and increased airspeed. Slow response time to recovery could lead to an overspeed 
condition, while an aggressive recovery at higher speeds could lead to an over-g situation. 
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Figure 8 shows the number of turns during spin recovery using the USAFA recovery 
procedures for all three e.g. bands. Turns were measured, to the nearest 1/8 turn, from the 
input of recovery controls to the point where yaw motion stopped. Yaw motion ceased 
within 3/8 turn for all e.g. positions tested. The three test points flown by the manufacturer 
(Schempp-Hirth, Reference 9) in the extended aft e.g. region are shown for comparison. The 
Schempp-Hirth recovery turns average (1/2 spin) was slightly higher than the test team 
average of 1/4 turn, primarily due to the manufacturer's extended aft e.g. position. 
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Figure 9 shows the altitaide lost during spin recovery using the USAFA recovery procedures 
for all three e.g. bands. Altitude loss was measured, to the nearest 50 ft, from the input of 
recovery controls to the lowest altitude during dive (altimeter reversal). Three test points 
flown by the manufacturer (Schempp-Hirth, Reference 9) in the extended aft e.g. region are 
shown for comparison. The Schempp-Hirth recovery altitude average (390 ft) was slightly 
higher than the test team average of 240 ft, primarily due to the manufacturer's extended aft 
e.g. position. 
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CROSSWIND LANDINGS 

Methodology. Crosswind testing was accomplished on the Edwards dry lakebed surface 
allowing aircrew to land with the desired crosswind component. The build-up matrix divided 
crosswind bands into 1-8 knots, 9-12 knots, 13-16 knots and 17-20 knots. Pilots 
accomplished landings in a lower band with acceptable results prior to attempting a landing 
in the next higher band. Acceptable results were considered CHR Level 1 or 2 for the 
defined landing task. The landing task is described in Table 3. The standard wing-low 
landing method was used with no crab or drift, while a parallel course to the reference line 
was maintained. The end of the landing task was defined as the point where the glider came 
to a complete stop. The aircrew's priority was to stop in as short a distance as practical 
during crosswind landings, rather than keeping the glider rolling to a desired location on the 
runway. Stick deflecfions were collected, and a limit of 75 percent average was set to assure 
sufficient control authority exists. A minimum of two pilots were required to fly in each data 
band for data comparison. The pilot performing the landing commented real-time on his 
performance and workload in order to determine a CHR after landing. If the pilot exceeded 
75 percent sfick deflecfion, or landed in crab, the CHR was deemed unusable. 

Table 3. Cooper-Harper Crosswind Landing Task 

liiiiiii^^ Desired performance Adequate performance 
Ground Track Maintain a straight ground 

track within +/- one half the 
glider wingspan  from  the 
initial touchdown reference 
point 

Maintain a straight ground 
track within +/- one glider 
wingspan from the initial 
touchdown reference point 

Wingtip Clearance Maintain wingtip clearance 
from the ground until loss 
of aileron authority 

Maintain wingtip clearance 
from the ground until loss 
of aileron authority 

Airspeed Landing speed +/- 5 knots 
of   computed    touchdown 
speed 

Landing speed +10/-5 knots 
of computed touchdown 
speed 

Note: The 75 percent stick deflection restriction was removed once the main 
gear had touched down. 

Results. A summary of the TG-15A and TG-15B crosswind landing test points is provided 
in Appendix C. The test environment was different than the typical glider landing surface. 
Operating on the lakebed provided the pilots an unobstructed approach. The sandy lakebed 
surface had a lower coefficient of friction than asphalt or concrete had. The sandy surface 
allowed the glider to slide in response to drift. Based on the design task and environment, 
directional control was not in question. 

16 



Only hand-held data were collected in the TG-15A, since this aircraft was not instrumented. 
The DAS in the TG-15B was installed and operational after most of the test flights were 
conducted. A combination of hand-held data and digital DAS data was used for post flight 
analysis and reporting. 

TG-15A (Duo Discus): A total of 30 crosswind landings were performed in the TG-15A. 
Figure 10 depicts the average lateral stick deflection on touchdown for all the respective data 
bands. In over 90 percent of the landings with crosswinds up to 16 knots, less than 75 percent 
average stick deflection was required. Directional control was easily maintained throughout 
the landing roll and the glider did not deviate from the landing reference line by more than 
1/2 wingspan. A total of 9 landings were performed in the 17-20 knots crosswind band. In 
this band the average stick deflection did exceed the 75 percent average limit in the majority 
of the cases. The 75 percent average lateral control stick deflection restriction was a MIL- 
HDBK-1797 (Reference 10) specification and was designed to provide a buffer for crosswind 
landings in gusty conditions. Since this restriction was exceeded during landings in 
crosswinds above 16 knots, planned landings above this condition should be avoided. Do not 
plan to land the TG-15A in crosswinds exceeding 16 knots (Rl)\ 
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Figure 10. TG-15A Average Stick Deflection During Landing 

Numerals preceded by an R within parentheses at the end of a paragraph correspond to the 
recommendation numbers tabulated in the Conclusions and Recommendations section of this 
report 
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The diminishing aileron control power during the landing roll-out caused the wingtip to 
touch the ground shortly before the glider came to a complete stop in crosswind conditions 
above 12 knots. This caused the glider to deviate from the landing heading. These 
occurrences increased wear on the soft wing tip skids, though no wingtip damage occurred 
during testing. Since the hydraulic wheel brake proved to be very effective, this normally 
resulted in the glider not deviating more than one-half wing span from the landing reference 
line, providing desired performance. 

A total of 21 landing tasks were assigned a CHR. These results are depicted in Figure 11. 
Ratings were based on pilot workload and task performance. Even though the 75 percent 
average stick deflection was exceeded in high crosswinds, the pilot workload was always 
tolerable. Except for two landings that were assigned a CHR 4 and 5, all landings were rated 
with a CHR Level 1. 
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Figure 12 depicts the assigned PIO ratings. Tlie majority of the landings were assigned a PIO 
rating 1, indicating that no undesirable motion was experienced. 
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Figure 12. TG-15A PIO Ratings for Crosswinds Landings 

TG-15B (Discus-2b): A total of 24 crosswind landings were performed in the TG-15B. The 
test matrix could not be completed in the 17-20 knots crosswind band. Gusty winds and 
extreme thermal activity above the lakebed lead to non-ratable landing tasks. These landing 
tasks were aborted due to thermals or touchdown occurring too far from the landing reference 
to be used for a rating. Five landings were attempted in this band, four of which could not be 
rated. 

Figure 13 shows the average aileron deflection was less than 75 percent during crosswind 
landings up to and including 16 knots. Figure 14 depicts that the lateral stick deflection 
during a 17 knots crosswind landing was a maximum of 74 percent with an average of 35 
percent. Landings above 16 knots cross might be possible while still achieving Level 1 or 2 
CHR performance and not exceeding 75 percent average lateral stick travel. This however, 
was not fully tested due to weather issues. Do not plan to land the TG-15B in crosswinds 
exceeding 16 knots (R2). Accomplish further testing to explore crosswinds above 16 
knots (R3). 
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Figure 15 shows that all landings in a crosswind of up to and including 16 knots resulted in 
CHR 1, 2 or 3, indicating Level 1 Handling Qualities. The aileron control power was more 
than in the TG-15A, so the TG-15B could be brought to a complete stop before a wing 
touched the ground during most of the landings. PIO ratings were 1 for all landings. 
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Figure 15. TG-15B Cooper-Harper Crosswind Landing Results 
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DEPARTURE RESISTANCE WITH-WATER-BALLAST 

Methodology. For aircraft like the TG-15's the departure was a spin. Testing was initiated 
by evaluating the departure resistance of the TG-15A and TG-15B without-water-ballast. 
Phase A, B, and C (Reference 11) stalls were flown, noting the departure tendency and 
setting a baseline. The e.g. locations that demonstrated the worst departure characteristics 
(altitude lost and turns to recover) were evaluated with full, symmetric water ballast. The 
gliders with-water-ballast were evaluated for departure resistance by again flying Phase A, B 
and C stalls. The characteristics with-water-ballast were compared to without-water-ballast. 
Heading change and pitch attitude were recorded to evaluate residual motion. Each glider 
was only tested at two e.g. locations, and only with full water ballast. The manufacturer also 
tested departure resistance with less than full water ballast, and found those conditions to be 
extremely departure resistant. 

Departure resistance tests were accomplished at all altitudes between 10,000 and 5,800 ft 
MSL. Three Phase A stalls were flown: Ig straight ahead stall, and both right and left 
turning stalls. Two Phase B stalls were flown: Ig straight ahead with both left and right one 
second inputs (full pro-spin rudder, full aft stick and ailerons neutral). Six Phase C stalls 
were flown: Ig straight ahead stalls with both left and right three second inputs (full pro-spin 
rudder, full aft stick and ailerons neutral), left turning stalls with both left and right three 
second, and right turning stalls with both left and right three second inputs. 

Results. The gliders with-water-ballast exhibited the same departure resistance as without- 
water-ballast. Since neither glider showed any tendency to depart after three seconds of pro- 
spin inputs, they are considered extremely resistant to departures in accordance with 
MlL-F-83691 (Reference 11). 
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TG-15A (Duo Discus): Figure 16 shows how the TG-15A exhibited very similar residual 
motion with-water-ballast as it had without-water-ballast. With one second of pro-spin input, 
there was only 60 degrees of residual motion. With three seconds of pro-spin input, 180 
degrees of residual motion occurred. The glider did not enter a spin after three seconds of 
pro-spin input, the TG-15A was considered extremely resistant to departure with-water- 
ballast. 
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Figure 16. TG-15A Average Residual Motion Following Stall 
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TG-15B (Discus 2b): Figure 17 shows how the TG-15B had similar residual motion with- 
water-ballast as it had without-water-ballast. With one second of pro-spin input, there was 
only 45 degrees of residual motion. With three seconds of pro-spin input, there was 180 
degrees of residual motion. The glider did not enter a spin after three seconds of pro-spin 
input, so the TG-15B was considered extremely resistant to departure with-water-ballast. 
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CONCLUSIONS AND RECOMMENDATIONS 

SPIN RECOVERY 

Overall, the spin recovery characteristics were satisfactory for both gliders. The USAFA 
spin recovery proved an effective means of recovering from spins. USAFA spin recovery 
procedures were technically identical to the manufacturer procedures and stopped spin yaw 
motion in less than Yz turn for all e.g. positions tested of both gliders. The maximum altitude 
lost during spin recovery was 450 ft. In all cases, if the controls were neutralized after stall 
entry, the aircraft would self-recover and fly out of the stall. 

The TG-15A and TG-15B spiral dive recovery resulted in a significant nose low attitude and 
increased airspeed. Large altitude loss should be expected. Slow response time to recovery 
could lead to an overspeed condition, while an aggressive recovery at higher speeds could 
lead to an over-g situation. 

CROSSWIND LANDINGS 

The TG-15A had less aileron control power than the TG-15B. This resulted in a tendency to 
drop a wing before the glider came to a complete stop during landings above 12 knots 
crosswind. The average lateral stick deflection exceeded 75 percent when landing above 16 
knots crosswind. 

(Rl) Do not plan to land the TG-15A in crosswinds exceeding 16 knots. 

The TG-15B had more aileron authority to keep the wings level throughout the landing roll. 
Successful landings were demonstrated during crosswinds of up to and including 16 knots. 

(R2) Do not plan to land the TG-15B in crosswinds exceeding 16 knots. 

The test team was confronted with gusty conditions and undesirable thermals while testing in 
the 17-20 knots crosswind band. This resulted in insufficient test data in this band. 

(R3) Accomplish further testing to explore crosswinds above 16 knots. 

DEPARTURE RESISTANCE WITH-WATER-BALLAST 

Overall, both gliders were extremely resistant to departure with-water-ballast. Each glider 
was only tested at two e.g. locations, and only with full symmetric water ballast. The gliders 
had similar departure resistance with full water ballast compared to without-water-ballast. 
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APPENDIX A 

GLIDER ILLUSTRATIONS 

29 



This page intentionally left blank 

30 



Figure Al. TG-15A (Duo Discus) - Dual Competition Glider 

Figure A2. TG-15B (Discus-2b) - Solo Competition Glider 
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APPENDIX B 
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Figure B3. TG-15B (Discus-2b) Weight and Balance Without-Water-Ballast 

37 



FO/?M  B «1S 

mnW B ♦ AIRCRAFT WEiGHlMG RECORD 3 • P O ( N T 

DATE wfisaHsa 

mAcziOn SCALE REASiNS; CORRecriO»*S;  «ETWESiG«TI HORftRMs      «oa (itONS    i  LAT.AR&VI !^T, mom 

hmmtAMH %o 
I 

f.^*? 

t 

I 

zm: in^tr"! ri,"4 TOTALS ji>'y(>'' 

3..,ilhL 

&»j£srf5 

i>.'r« 

»tanca ftenn !^a*|fg pi^ot So'fss ssffsf fes sf *« mAn r««i»* 
0islsn<« torn !tsts»?««»<i»tum hs^ t» tis pu !!•*'"'• 

0?sta«£!e t*t>v««rt rhe wain a^t fhe »«« sf f« f»9«a*» 
Bsfsrec* <?£«> !h« rctews« 0*KS 'ns t» !fte writerIBS a< itm ."S»«> i; 

r2. J4sS^i^. 

to ^ % 
.<5«^ 

AOJUSTweNTS «iETWH«HTJ     a ARM   s     H, MOMENT L.AKM   f     ViKOm'Sm, 

BASIC AIRCHAPT 
SiMPUFiEO MOmZOWtM. IKOMgNT iSMf UFKO l-AtHSAL MOMENT 

SCALE 
CQRR£GT1C»*S 

{CONSTANT IMP 

RfAcrow C#UB «CAt.l- TEMf   EQUIP'OrHI-K r"TAi 

SERt«. KUMBKR:     if    | 

CftUBRATfON ACCURACY:    */■ 0 OS'S. 

CAue»W.Tta><OAlE:   »>S3<'3«,'S1 

^'?! 
y     O     ) 

-it 

REACTiOSJS Xi&m 

Figure B4. TG-15B (Disucs-2b) Weight and Balance Witli-Water-Ballast 
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Flt# 
Crew              i: JG GVV 

opins 

Flt# 
Crew CG GVV 

33 PILC 'T3,'L:RE'A/1 3.6 ■132iE 3 PiL0T2^PIL0T1 5.75 1267 
33 PILC IT3A::REIA/1 3.6 132£ 3 PIL0T2.'PIL0T1 5.75 1267 
33 PILC IT3/C:REIA/1 3.6 132IE 3 PIL0T2,P1L0T1 5,75 1267 
33 PILC IT3/CRBA/1 3.6 1326 3 PIL0T2^P1L0T1 5.75 1267 
33 PILC 'T3yCRBA'1 3.6 132E 6 PIL0T1/CRBf.'V2 6.88 1260 
33 PIL0T3/CRBi/'V1 3.6 132e 6 PIL0T1.CRBAJ2 6.88 .1260 
33 PIL0T3/C:REi..V1 3.6 1321E 6 PILOTI/CRB/V^ 6.88 1260 
33 PILOT3/CB:E'A''I 3.6 ■132£ 6 PIL0T1/CRBA^2 6.88 1260 
33 PIL0T3A::REI/V1 3.6 ■132F 6 PIL0T1/CRE^<V2 6,88 1260 
33 PIL0T3/CRB/V1 3.6 ■1326 6 PIL0T1CREV'\f2 6,88 1260 
33 PIL0T3/CREI..V1 3.6 •132F 7 PIL0T4.'PIL0T1 6,72 1247 
33 PIL0T3/C:REiAi1 3.6 132F 7 PIL0T4/P1L0T1 - 6.72 ^•:; ■1,247 

33 PIL0T3/C:RB.A/1 3.6 ■132£ 7 PIL0T4^PIL0T1 :6:72^ 1247 

33 PIL0T3/CREi..'V1 3.6 ■132F 7 PIL0T4PIL0T1 6,72 1247 

33 PIL0T3/CRE/V1 3.6 132F 7 PIL0T4vPIL0T1 6:72 1247 
4 PIL0T3.iplL0T1         :: 1.42 1307 7 PIL0T4/PIL0T1 6.72 1247 
4 PIL0T3JPIL0T1         ; 1.42 ■1307 7 PIL0T4JP1L0T1 6,72 1247 
4 PIL0T3/PIL0T1         : 1.42 1307 29 PIL0T4 8 1106 
4 PIL0T3PIL0T1         : 1.42 ■1307 29 PIL0T4 8 1106 
5 C:RB.-'V1.IPIL0T1        : :.96 •1295 29 PIL0T4 8 1106 

28 PILOT2/CRB/V2 4.9 1298 29 PIL0T4 8 1106 
28 PILOT2CRBAC2 4.9 1298 29 PiL0T4 8 1106 
28 PILOT2,CRB-'^/2 4.9 1298 10 PIL0T4 8,66 1098 
28 P1L0T2CRB^2 4.9 1298 10 PIL0T4 8,66 1098 
28 P1LOT2/CRB/V2 4.9 1298 10 PIL0T4 8.66 1098 
28 P1LOT2/CREVV2 4.9 1298 10 PIL0T4 8.66 1098 
28 PIL0T2.CRE^/'.C 4.9 1298 10 PIL0T4 8.66 1098 
28 PIL0T2,CRB-".C 4.9 1298 10 PiL0T4 8.66 1098 
28 PILOT2CRBA2 4.9 1298 8 PIL0T1 9.25 1088 
28 PIL0T2/CRBA'2 4.9 1298 8 PIL0T1 9.25 1088 
28 PILOT2A:RE</SQ 4.9 1298 8 PIL0T1 9.25 1088 

28 PILOT2.CRE'V2 4.9 1298 1 
Spin Sortie Test Matrix Figure C :i.T G-15A 
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Spins 

Flt# 
Crew CO GVV 

Spins 
L.rew 

Ftt# 
CO GVV 

48 PILC JT3 11.45 792 52 PIL0T3 12.3 782 

48 PILC J'TS 11,45 792 42|PLOT1 14.16 739 

48 PILC JT3 11.45 792 42 PIL0T1 14.16 739 

48 PILC JT3 11.45 792 43 P1L0T1 13.61 744 

48 PILC :>T3 11.45 792 43 PIL0T1 13.61 744 

48 PILC :JT3 11.45 792 ;45 pil.dT4f-^-^-=:i-:-?:::-:--i wiiia iiiii 
48 PILC JT3 11.45 792 „;45 Pli:(JT4.^.::^^;-:::fc:.i;^-.'-;:'-';^ ^^^^^iiii mmm 
48 PILC :>T3 11.45 792 -^45 :PILffi4s.:.r.':-;:^;:-::-:!-:=:i :'^:liii B'WM 
48 PILC JT3 11.45 792 ■^ m :piLOf;#-:::::r-.:ie.-::;^^^ :::^iiil wmsi 
48 PILC ::'T3 11.45 792 : :m iiiiC)M:i:-:\:i''^i-^:=::':S--^^^^ iili lllii 
48 PILC )T3 11.45 792 •■■, m FiL0f4'i:'^^^:;-'r:.:i^';{:•:'- lllii :i^iisi 
48 PILC )T3 11.45 792 rMS ^PiLC3T4i::;:':::fi:::3i'-l:S iiii iiiii 
48 PILC :JT3 11.45 792 '■ym ;RlOT4i;-■■v--^;S::-:;a;:::;'^ iiiii w§Mm 
48 PILC ::'T3 11.45 792 50 PIL0T2 12.84 769 

48 PILC )T3 11.45 792 5iD PIL0T2 12.84 769 

48 PILC ::'T3 11.45 792 50 PIL0T2 12.84 769 

48 PILC JTS 11.45 792 50 PIL0T2 12.84 769 

48 PILC ::iT3 11.45 792 50 PIL0T2 12.84 769 

48 PILC ■:iT3 11.45 792 50 PiL0T2 12.84 769 

48 PILC JT3 11.45 792 50 PIL0T2 12.84 769 

48 PILC :-T3 11.45 792 50 PtL0T2 12.84 769 

48 PILC JT3 11.45 792 50|PILOT2 12.84 769 

51 fPILC :iT2 11.82 779 50 PIL0T2 12.84 769 

51 PiLC :'T2 11.82 779 52 PILOTS 12.3 782 

51 fPILC ■)T2 11.82 779 52 PIL0T3 12.3 782 

51 PILC ni 11.82 779 52 PILOTS 12.3 782 

51 IPILC ■>T2 11.82 7Tq 52 PILOTS 12.3 782 

51 |PIL0T2 11.82 779 52 PILOTS 12.3 782 

51 |P!L':: :T2 11.82 779 52 PILOTS 12.3 782 

51 IPILC iT2 11.82 779 52 PILOTS 12.3 782 

52 PILC ■>T3 12.3 782 52 PILOTS 12.3 782 

Figure C2. TG-15B Spin Sortie Test Matrix 
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X-Vj-iiul 

Flt = DATE Ciew CG     Weitjlit 
Wind 
ilii numi RWV 

Crossvi/iiul BiiiKl 
1-8      9-12 '  13-115    17-20 

8 20-Apt PIL( :iT2 11.82          779 240/10 28 -T 

3 20-Apr PI Li ::iT4 13.17          754 240/10 99 ^* 

4 20-Apr Pi LI: :iT4 13.17          754 240/10 

9 20-Apr PIL( :iT2 12.84         769 260/10 28 ;l 4 
i'" 20-Apr piu: :)T3 12.3         782 240/08 

.-,.-| 

10 20-Apr PILC ")T2 12.84          769 240/12 28 6 4 
11 20-Apr PILC JT3 12.3         782 250/14 22 

191   22-Apr PILC JTI 14.16          739 010/16 04 o u 

20 22-Apr PILC )T2 12.84         769 330/13 34 ~f 

18 22-Apr PILC :iT3 12.22          784 350/08 28 .     a 
24 22-Apr PILC :iT3 ■1 "i   ■""i~i                    TCi ,1 290/15 28 ,' 

25 22-Apr PIL0T3 12.22         784 020/13 34  '■■'■■i^< 

21 22-Apr PIL0T1 14.16         739 010,.^20 04 to 
30 22-Apr PILOTS 11.3         792 250,^^3 21: 1; -  'C'\ 
23 22-Apt PIL0T2 12.84          769 010/11 21; (, 

22 22-Apr PIL0T1 14.16          739 010/16 28 16 
27 22-Apr PIL0T1 14.16          739 010/14 28 14 
26 22-Apr PIL0T2 12.84         769 010/13 2£ 13 
31 22-Apr PIL0T3 12.22         784 020/16 10 m:M 
28 22-Apr PIL0T1 14.16         739 020/16 10 15 
32 22-Apr PIL0T3 12.22         784 020/17 10 17 

F'igure C3. TG-15A Crosswind Sortie Test Matrix 
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\ V.ilMl 
l-h DATE CJ evv CG     Weiqlit 

VViiitl 
dii.'inuni RW»' 

Ciot.swioid Bmul 
m      '(-12    13-16 : 17-20 

_^4il _ 
12-,A]jr CREVVI    PILi n 1 .96       1295 yRBon4 ~lO 4 

15-Apr PILOTS    CRE    ^ ',75       1305 200/14 JJ >' ';,';i 
12.Apr P1L0T4    PIL in 1,72       1247 240/04 28 ■■; 

r.1 22-Api- PILOTS    CRE    ^ ,44       1290 300/06 28 
1 1 14-Apr PILOTS    PI LI iTl ,23       1S09 240/19 28 12 

gq 15-Apr FpiLOTa   CRE-^ '^ 4,75       1305 200/18 28 -   .._,.te.s.i* ISS        ■ ■    :...'.. 

Jl 15-Aijr PILOTS    C-RE    ^ 4.75       1305 220/12 28 i:--. 'It- 
~1,'- |4-Apr PIL0T3    PILi iTt .28       1309 260,/26 28 ^'."W 

15-Apr' PILOTS    CRE    1 .1.6        1328 210/10 28          ^j,:,:"i 

11 19-Apr PIL0T4    PILi iTl 1.72       1247 240/16 

r |4-Apr P1L0T2    PlLi iTI ■-.75       1267 260/13 22 5 
1M 14-Apr PIL0T2    PILI ITI ^^.75       1267 270/12 vR 10 

flj 22-Apr PIL0T6    CRE    ^ 1 .15       1275 010/18   1    34 9 
Jll 14-Apr PIL0T2    Pill iTI ^75       1267 250/15 G2C 16- If 

14-Apr PILOTS    PHJ n 1 .28       1S09 240/22 28 

1. 
"1 

IH-Apl' PIL0T4    PILI iTl 1 .72       1247 240/16 16 

1'"-Ani' PIL0T4 8          1106 210/16 ■~io 

_ -l 
15-Apr PIL0T4    CRE    . ".28       1286 210/17 ■~lO 

I'l 14-Apr ^0T2    PILi iTll C75       1267 290/14 
.--,,-, 

13 

S' 15-Apr PIL0T2    CRE    ^ 4.9        1298 210/16 28 15 
CiH 22-.A£r;' PILOT?    CRE    ^ 1.75       1305 280/18 99 18 
24 |74-Apr- PILOTS    Pin iTl .28       1309 260/24 22 17 
-^ 12^ Apr ^ILQT4    Pin iTl ( 72       1247 270/20 16 

■i rs 

iA 15-Apr PILOTS   CRE >. 1 3.6        1328 210/18 28 
i(, 15-Apr PILOTS    CREV'.'I 3.6        1328 210/18       28 

j ' MS-Apr PILOTS   CREVV1 3.6        1328 210/18 28 
Ih 19-Apr PIL0T4    PILOT 1 6.72       1247 240/20 16 , , , --.—_                                   ; 
„      T 

15-Apr PIL0T4    CRE'"""'] 6.3         1277 210/18 28 

Ji 1 15-Apr PIL0T4    CRE^".'l 6.3         1277   1   200/20 28 , 
21 14-Apr PILOTS    PILOTl|5 75        1267   ip50/17G2i:|    16 -1 

Fieurc C4. TG-ISB Crosswind Sortie Test Matrix 
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^ 

Excellent 
Highly Desirable 

•   Pilot compensation not a factor 
for desired performance 1 

Good 
Negligible Deficiencies 

•   Pilot compensation not a factor 
for desired performance 2 

Yes 

W 

Fair-Some Mildly 
VUnpleasant Deficiencies 

•   Minimal pilot compensation required 
for desired performance 

3 

) 
' Minor but Annoying 

Deficiencies 
•   Desired performance requires moderate 

pilot compensation 4 

X^atisf 
'"N;(/o Impr 

actory ^V«^ Moderately Objectionable 
Deficiencies 

•   Adequate performance requires 
considerable pilot compensation 5 

ovemenp'^^ No'' 

>-► 
"^ No 

k 

Yes 

luate      "~*,,^^ 

Very Objectionable but 
\Tolerable Deficiencies 

•   Adequate performance requires 
extensive pilot compensation 

6 y 

^'^^^ Adec 

/Major Deficiencies •   Adequate performance not attainable 
with max tolerable pilot compensation. 
Controllability not in question. 

7 

Performance 
Attained with tolerable^^ 
^*-v^ilot workIoad2^ 

Major Deficiencies •   Considerable pilot compensation 
required for control 8 

Yes 

Major Deficiencies 

V 
•   Intense pilot compensation required to 

retain control y 
^r Contro ^ Major Deficiencies •   Control will be lost during some 

portion of required operation 

N 

10 
J No'' 

Y 
( Pilot De ;cisions J 

Figure Dl. Cooper-Harper Rating Scale 
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PIO RATING SCALE 

Did I experience a PIO? 
NO 

Did I experience undesirable motion? 
NO     1 
YES 

Did undesirable motion fe/?dto occur?    2 
 Was undesirable motion easily induced?...   3 

YES 
While attempting abrupt maneuvers or tight control 

Wasthe PIO bounded?    4 
Was the PIO divergent?     5 

While exercising normal control     6 

Figure D2. PIO Rating Scale 
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DISTRIBUTION LIST - 

For "onsite" distribution: 

AFFTC/HO 
305 E Popson Ave, Bldg 1405 
Edwards AFB, CA 93524-6595 

412 TW/ENTL 
307 E Popson Ave, Bldg 1400, Rm 110 
Edwards AFB, CA 93524-6630 

USAF TPS/EDT 
Attn: Mr Gary Aldrich 
220 S Wolfe Ave, Bldg 1220 
Edwards AFB, CA 93524-6485 

USAF TPS/EDC 
Attn: Ms Dottie Meyer 
220 S Wolfe Ave, Bldg 1220 
Edwards AFB, CA 93524-6485 

For "offsite" distribution: 

ASC/YTG 
Attn: John W. Snow 
Bldg 11-A Suite 201-1 
1970 Monahan Way 
Wright Patterson AFB, OH 45433-7211 

CaptJeffWaugh 
340G/OGV 
9206 Airfield Dr Suite 1 
USAF A, CO 80840 

Defense Information Systems Agency DTIC 
8725 John J. Kingman Rd, Ste 0944 
ATTN: Willis Smith (DTIC-OCA) 
Fort Belvoir, VA 22060-6218 

Maj Kevin Roethe 
2509 Cold Creek Ave 
Rosamond, CA 93560 
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